Helicobacter pylori infection has been reported to be very common in patients with chronic liver diseases, including cirrhosis. To elucidate the pathological effect of H. pylori infection on the progression of hepatic fibrosis, C57BL/6 mice and Sprague-Dawley rats were orally inoculated with H. pylori, and hepatic fibrosis was induced with carbon tetrachloride (CCl 4 ) administration. We observed the histopathological changes and the presence of H. pylori genes by PCR in the liver. Significant increase in the fibrotic score as well as in serum alanine aminotransferase and aspartate aminotransferase levels was shown in the CCl 4 þ H. pylori group compared with that in the CCl 4 -treated group. Compared with the CCl 4 -treated group, a-smooth muscle actin and transforming growth factor-b1 were enhanced; however, senescence marker protein-30, a multifunctional protein protecting hepatocytes against oxidative stress and apoptosis, was suppressed in the CCl 4 þ H. pylori group. The 16S rRNA (400 bp) was demonstrated by PCR for H. pylori genes from genomic DNA extracted from the liver, and H. pylori-infected mice showed 93.8% (15 of 16) seropositivity by contrast with seronegativity in all H. pylori-noninfected mice. In addition, immunohistochemical study against H. pylori showed positive antigen fragments in the liver of the infected groups. Consequently, our data suggest that H. pylori infection could be an important contributing infectious factor to the development of liver cirrhosis.
Helicobacter pylori is well known as an important pathogen that results in chronic gastritis associated with the development of peptic ulcer disease, atrophic gastritis and gastric cancer. 1 Recently, evidence showing a possible association between H. pylori infection in the human stomach and chronic liver diseases is emerging. [2] [3] [4] Many serological studies have found that patients with hepatitis have an increased H. pylori infection rate. 3, 5 Moreover, the prevalence of H. pylori in patients with cirrhosis has been reported to be remarkably higher than in non-cirrhotic patients. 6, 7 Helicobacter-like DNA that showed a high similarity to H. pylori and enterohepatic Helicobacter species was detected in the liver by PCR. 8, 9 Taken together, these observations support the idea that H. pylori infection may have a critical role in the pathogenesis of various liver disorders. Hepatic cirrhosis is clinically very important as high risk conditions underline the development of hepatocellular carcinoma (HCC), leading to a high rate of morbidity and mortality. 10 Several factors such as toxins, viruses, oxidative stress, necrosis, apoptosis and growth factors are responsible for the activation of resting hepatic stellate cells (HSCs) which have an important role in the pathogenesis of hepatic cirrhosis. The transformation of quiescent HSC into myofibroblast-like cells with the expression of cytoskeletal protein a-smooth muscle actin (a-SMA) initiates the chronic process of hepatic fibrosis, finally leading to the fatal stage of liver cirrhosis. 11 A few papers have recently reported that H. pylori caused liver damages as an independent etiological factor, and that the gene belonging to it was demonstrated by PCR in mice. 12 After being infected with H. pylori for 2 years, the mice developed primary HCC, and bacteria were shown by immunohistopathological staining. 13 Although some data suggest that H. pylori caused the cytopathic effect in a liver and HCC cell line in vitro, 14, 15 the role of H. pylori infections in the development of chronic liver diseases including cirrhosis in humans is still not well characterized. Therefore, our study aimed at investigating the role of H. pylori infection in the pathogenesis of the damaged liver tissues by carbon tetrachloride (CCl 4 ) administration in the murine model.
MATERIALS AND METHODS Bacterial Strains
H. pylori strain ATCC 43504 (American Type Culture Collection, a cagA þ , vacA s1-m1 strain) and Sydney Strain (SS1, a cagA þ , vacA s2-m2 strain) 16 were used in this study. Each H. pylori was grown on Meuller Hinton (MH) agar supplemented with an antibiotic mixture and incubated for 48 h at 37 1C under microaerophilic conditions. The cells were harvested in phosphate-buffered saline (PBS), centrifuged at 2000 Â g for 10 min, and resuspended in PBS at a final concentration of 10 9 colony-forming units (CFU)/ml. In all experiments, cultures grown for 48 h on MH agar plates were used.
Animals and Experimental Design
Animals SPF female Sprague-Dawley rats 14 weeks of age and 8-weekold SPF female C57BL/6 mice, absent from Helicobacter bills and Helicobacter hepaticus, were housed under clean conditions, fed a commercial diet and given water ad libitum. All animals were managed under the animal guideline of NIH, USA. Experimental liver fibrosis was produced by intraperitoneal administration of 10% CCl 4 in olive oil at 1.0 ml/kg thrice a week, and normal control animals received the same volume of vehicle (olive oil; 1.0 ml/kg b.w, i.p.) at the same time. After an overnight fast, each animal was intragastrically inoculated either with a suspension of H. pylori containing 10 9 CFU/ml or sham infected with an equal volume of PBS using gastric intubation needles.
Experimental design-1
The rats (n ¼ 24) were divided into the following three groups: (1) normal controls (n ¼ 8), (2) only CCl 4 -treated group (n ¼ 8) and (3) CCl 4 þ H. pylori group (n ¼ 8). The only H. pylori group was not involved considering the low relationship between H. pylori and the liver in this preliminary study. CCl 4 was administered on three separate occasions over a 5-day period for 8 weeks to induce liver fibrosis. 17 From week 1, when constructing the animal model of hepatic injury was begun, the H. pylori strain ATCC 43504, 1.0 ml of inoculum per rat, was inoculated orally in a daily alternative manner with CCl 4 treatment. Rats were killed at the end of the eighth week; from each rat, blood samples were collected from the inferior vena cava, and the liver and stomach were removed.
Experimental design-2
The mice (n ¼ 32) were divided into the following four groups: (1) normal controls (n ¼ 8), (2) only H. pylori-infected group (n ¼ 8), (3) only CCl 4 -treated group (n ¼ 8) and (4) CCl 4 þ H. pylori group (n ¼ 8). The only H. pylori group was inserted to observe the independent effect of H. pylori on the liver. CCl 4 was administered for 15 weeks as a previously described regimen to induce liver fibrosis. 18, 19 In these animal models, CCl 4 treatment was conducted after the first week, when inoculation of the mice with H. pylori was initiated. Mice were infected with H. pylori strain SS1, 0.2 ml of inoculum per mouse, killed at the end of the sixteenth week and then their organs were collected as described above.
Histopathology
For histopathological analysis, samples of the liver and stomach were fixed in 10% neutralized buffered formalin, processed using the standard method and embedded in paraffin. Sections of 4-mm thickness were then stained with hematoxylin and eosin (H&E) or with Azan staining for collagen fiber. Liver samples were scored on histopathological changes including fibrosis using the scoring system proposed by Mendler et al, 20 and additional parameters related to hepatic injury were analyzed with Periodic Acid Schiff (PAS) stain and oil-red O stain.
Immunohistochemistry
Sectioned liver samples were assessed by the routine immunohistochemistry method, using the monoclonal mouse antibodies of a-SMA (Sigma, Saint Louis, MO, USA), polyclonal rabbit antibodies of transforming growth factor-b1 (TGF-b1) (Santa Cruz Biotechnology, CA, USA), polyclonal rat antibodies of SMP30 (obtained from Achito Ishigami), polyclonal rabbit antibodies of H. pylori (Dako, Glostrup, Denmark) and monoclonal mouse antibodies of proliferating cell nuclear antigen (PCNA) (Santa Cruz Biotechnology). Immunoreactive materials were visualized with avidin-biotin-peroxidase complex solution using an ABC Kit (Vector Laboratories, Burlingame, CA, USA) with 3,3-diaminobenzidine (Zymed Laboratories, San Francisco, CA, USA). Terminal deoxynucleotidyl transferase-mediated nick-end labeling staining was performed using a commercial apoptosis detection kit (Roche Diagnostics GmbH, Penzberg, Germany). The number of positively stained cells of a total of 1000 hepatocytes in the Â 200 field was quantified by counting, and the results were reported as the mean percentage of positively stained cells compared with the total hepatocytes.
Immunoblotting
Electrophoresis of proteins was performed routinely on sodium dodecyl sulfate gel containing polyacrylamide (SDS-PAGE) gels using standard methods. For immunoblotting, 50-100 mg of purified protein per lane were run on an SDS-PAGE 10% gel and transferred into a PVDF membrane (Schleicher & Schuell, Dassel, Germany). a-SMA (Sigma), TGF-b1 (Santa Cruz Biotechnology) and SMP30 (obtained from Akihito Ishigami) were detected using a commercially enhanced chemiluminescence system (ECL, Amersham, Buckinghamshire, UK), and exposed to medical X-ray film (Kodak, Tokyo, Japan).
Biochemical Serum Transferase Assessment
The serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, total bilirubin and cholesterol levels were measured using an automized instrument (Konelab 60I Analyser, Konelab, Finland).
Hepatic Hydroxyprolin Content
Hepatic hydroxyprolin content was determined using the method described by Jeong et al, 21 with some modifications. In brief, frozen liver tissue (50 mg for mouse and 200 mg for rat) was hydrolyzed in 4 ml of 6 N HCl at 120 1C for 30 min. The hydrolysate was filtered, and then 50 ml of filtrate was evaporated under vacuum. Dried samples were dissolved in 125 ml of isopropanol and incubated with 62.5 ml chloramines-T/citrate buffer (pH 6.0) at 25 1C for 4 min. Freshly prepared 750 ml of Ehrlich's reagent was added and then incubated at 60 1C for an additional 25 min. Absorbance at 560 nm was recorded using a spectrophotometer (Tecan, Salzburg, Austria). The absorbance value of each liver was taken to represent the hydroxyproline content of the tissue, and this was expressed in mg hydroxyproline per g of tissue (wet weight).
Serum Anti-H. Pylori Antibody The enzyme-linked immunosorbent assay (ELISA) method was applied to detect anti-H. pylori IgG antibodies. Flat bottom 96-well plates (Nunc, Denmark) were coated with 0.5 mg of H. pylori-whole cell lysate antigen in 100 ml of 20 mM carbonate buffer (pH 9.6) and then incubated overnight at 4 1C. The plates were washed three times with 0.05% Tween 20/Tris-buffered saline (TBS), and the nonspecific binding sites were blocked with 1% skim milk for 1 h at room temperature. Serum samples (diluted to 1:100) were added in duplicate, and the plates were incubated for 2 h at 37 1C. The plates were washed as described above and then incubated with horseradish peroxidase-conjugated anti-mouse IgG (Cell Signaling Technology, Beverly, MA, USA) for mouse samples and anti-rat IgG (Santa Cruz Biotechnology) for rat samples, respectively, at a dilution of 1:5000 in 0.05% Tween 20/TBS for 1 h at 37 1C. The plates were once again washed, then developed using a 1-Step Ultra TMB-ELISA Kit (Pierce, Rockford, IL, USA). Upon optimal color development, the reaction was stopped by adding 2 M sulfuric acid to the plates. Optical densities (450 nm) were measured using a plate reader (Tecan). The absorbance value was presented as mean±s.d.
DNA Extraction
In all, 60-80 mg of ground frozen liver tissues under liquid nitrogen were transferred into a sterile 1.5-ml Eppendorf tube. The samples were incubated overnight at 50 1C in 500 ml lysis buffer (50 mM Tris pH 8.0, 100 mM NaCl, 100 mM EDTA, pH 8.0, 0.1% SDS) containing 0.5 mg/ml proteinase K (Sigma). Proteins were extracted with equal volume of phenol-chloroform-isoamyl alcohol in a ratio of 25:24:1 (Sigma) and centrifuged at 1410 Â g for 5 min at 10 1C, followed by transferring the supernatants into a new tube. Subsequently, an equal volume of chloroform-isoamyl alcohol in a ratio of 24:1 (Sigma) was added, centrifuged at 1410 Â g for 5 min at 10 1C and the supernatants were transferred into a new tube. The genomic DNA in the supernatant was recovered by precipitation with ethanol, followed by centrifuging at 20 800 Â g at 4 1C for 5 min. The precipitated DNA was washed in 70% ethanol and dried overnight. Finally, DNA was resuspended in 500 ml ultra pure water and measured in Qubit Fluorometer (Invitrogen, The Netherlands). In all, 40 ng of DNA extract was used in each PCR reaction.
PCR Amplification
DNA extracted from the liver tissue samples were amplified by Helicobacter genus-specific 16S rRNA primers described by Fox et al: 4 sense primer: 5 0 -GCT ATG ACG GGT ATC C-3 0 (C97F); antisense primer: 5 0 -GAT TTT ACC CCT ACA CCA-3 0 (C98R). The forward and reverse primers amplified a product of B400 bp. 4 A volume of 2 ml of 40 ng DNA and 1 ml of 20 pmol from each primer were added to the PCR PreMix Kit (Bioneer, Daejon, Korea) containing 250 mM of each dNTPs, 40 mM KCl, 1.5 mM MgCl 2 , 1 U of Taq polymerase and 10 mM Tris-HCl (pH 9.0). The final mixture was amplified after a PCR cycle program: initial activation of the Taq-polymerase at 94 1C for 10 min, denaturation at 94 1C for 30 s, annealing at 55 1C for 30 s, extension at 72 1C for 30 s (35 cycles) and a final extension step at 72 1C for 5 min. The 40 ng amplified products were loaded onto 1.5% (w/v) agarose (SeaKem LE Agarose, Cambrex, Bio Science Rockland, Rockland, ME, USA) gels containing ethidium bromide, and the PCR product sizes were estimated by comparison with a 100-bp DNA size marker (MBI Fermentas, Vilnius, Lithuania). H. pylori strain SS1 was used as a positive control and ultra pure water was used as the negative control at each amplification event. Bands were visualized under UV light.
Statistical Analysis
When experiments included only two groups, the two-tailed t-test was used. When the experimental design included more than two groups, statistical differences were determined by analysis of variance. Comparisons between particular groups were then made by the Bonferroni test, keeping an overall probability of error lesser than 0.05.
Results

Hepatic Fibrosis in the CCL 4 þ Hp Livers
Histological analysis using H&E stain showed marked microvesicular and macrovesicular fatty changes with thin fibrotic septa in the CCl 4 -treated livers. Bile duct epithelial proliferation in thick fibrotic septa and a more severe mononuclear inflammatory cell infiltration were observed in the CCl 4 þ Hp livers ( Figure 1a ). Liver collagen content was determined by morphometry using Azan staining ( Figure  1b) , and histological findings were assessed and then scored with regard to the fibrotic stage (Table 1 ). CCl 4 induced long collageneous septa connecting the central veins across the liver parenchyma at 8 weeks in rats and at 16 weeks in mice. Interestingly, H. pylori infection during CCl 4 treatment remarkably increased the development of liver fibrosis as compared with CCl 4 alone in both rats and mice. The CCl 4 þ Hp livers of experimental animals showed a marked increase in the collagen band intersecting the liver parenchyma to form bridging fibrotic septa, which progressed into pseudolobules (Figure 1b) . To confirm these results, total hydroxyprolin concentration was evaluated in both species of animals ( Table 1 ). The hydroxyprolin level was significantly higher in the CCl 4 þ Hp livers than in the only CCl 4 -treated (Po0.05) livers. This result corresponded to the severity of fibrosis in both sets of animal models.
Effects of H. Pylori on Biochemical Factors in the CCL 4 -Treated Livers
As shown in Table 1 , H. pylori infection significantly contributed to the CCl 4 -induced increase in AST and ALT levels in both mouse and rat models. In rats, plasma alkaline phosphatase and total bilirubin activities in the CCl 4 þ Hp groups (151.4 ± 85.1 IU/l and 0.48 ± 0.44 mg/dl, respectively, Po0.05) were markedly elevated than in the CCl 4 groups (78.3±31.1 IU/l and 0.22±0.13 mg/dl, respectively), whereas plasma total cholesterol was significantly reduced (79.8±36.0 mg/dl in CCl 4 groups and 56.2±13.5 mg/dl in CCl 4 þ Hp groups, Po0.05) (data not shown), indicating a more severe hepatic injury.
Expression of Chronic Liver Damage Markers in the CCL 4 þ Hp Livers
We performed immunohistochemical staining and immunoblotting using chronic liver injury markers (Figure 2 ). The expression of a-SMA is a characteristic feature of activated HSCs and this is considered as a marker for exacerbation of hepatic fibrosis and related cellular events. In the control livers, a-SMA-immunoreactive cells were detected mainly in the portal area as elements of vascular walls. Focal accumulated a-SMA-positive cells around the central vein branches and the portal area were detected in only the CCl 4 -treated livers. In the livers of the CCl 4 þ Hp group, more intensely stained a-SMA-positive HSCs associated with vascular walls were observed in the liver parenchyma ( Figure 2a ). a-SMA was hardly detected in the normal liver by immunoblotting. In contrast, a-SMA expression was dramatically increased in the CCl 4 þ Hp livers when compared with that in the CCl 4 -only treated animals that exhibited slightly increased levels when compared with control animals (Figures 2b and c) . This result completely correlated with our immunohistochemical observation in both species of the murine model.
Immunohistochemistry for triggering hepatic fibrosis was performed in the mouse and rat livers using anti-TGF-b1 antibodies (Figure 3a) . Macrophages expressing TGF-b1 were infiltrated at the chronic injured area constituted with fibrotic septa around the central vein in the CCl 4 -treated livers. H. pylori infection markedly increased the recruit of macrophages showing a positive reaction with TGF-b1 in the CCl 4 -treated livers. The weak activity of TGF-b1 was detected by immunoblotting assay in controls and in the H. pylori-infected livers in a similar level, although it was difficult to detect by immunohistochemistry. Immunoblotting data showed that TGF-b1 was expressed significantly higher in the CCl 4 þ Hp livers than in the only CCl 4 -treated livers (Figures 3b and c) . Overall, the expression of a-SMA and TGFb1 in the liver sections was modulated by orogastric H. pylori infection in the hepatic fibrosis-induced murine model. (Figure 4a) . The reduction in SMP30 in the CCl 4 -treated livers was remarkably enhanced by H. pylori infection, suggesting an increased magnitude of oxidative stress (Figure 4a) . Correlative trends were shown on immunoblotting (Figures 4b and c) . H. pylori infection significantly decreased SMP30 expression in hepatocytes when compared with the control livers as shown through the immunohistochemical study. CCl 4 more severely reduced SMP30 levels in the livers than did H. pylori. Significant downregulation of SMP30 in the CCl 4 -treated livers with concomitance of H. pylori infection in immunoblotting precisely agreed with the findings of immunohistochemical study. This was particularly true for mice infected with H. pylori that showed significantly decreased SMP30 expression in the CCl 4 -treated livers.
Expression of SMP30 as an
Immunohistochemical Identification of H. Pylori Infection Gram-negative curved bacterium was found in colonies obtained from incubation of the gastric mucosa (Figure 5b ). Similar organisms in the gastric pits of infected animals were confirmed to be H. pylori-antigen positive by immunohistochemical stain using anti-H. pylori antibodies (Figure 5a) . Immunohistochemical stain for H. pylori showed positively reacted particles within the H. pylori-infected liver tissue, especially in Kupffer cells existing along the adjacent sinusoid, and occasionally in hepatocytes (Figures 5c and d) . Immunopositivity for H. pylori was 75% (6 of 8) in the H. pylori-infected mouse livers without CCl 4 administration, and 62.5% (5 of 8) in the H. pylori-infected mouse livers with CCl 4 administration (data not shown). Consequently, these immunohistochemical data support the results of the PCR reaction, indicating the presence of the H. pylori gene in the infected liver tissue.
Determination of H. Pylori Infection
Overall, 75% of the inoculated mice (12 of 16) had a typical H. pylori colony from plated homogenized stomach on MH agar plate with antibiotics, and Gram-negative spiral bacterium was found in these colonies by gram staining. Mice showing H. pylori colonies had organisms colonizing the gastric pit of the stomach on histopathological analysis (Figures 5a and b) . There was no evidence of cross-infection H. pylori promotes hepatic fibrosis M-J Goo et al as H. pylori was not present in any of the 16 sham-infected mice. To examine whether H. pylori could be detected in the liver tissue, DNA extracted from the liver tissue samples in mice were tested by PCR amplification using primers for the Helicobacter genus-specific 16S rRNA ( Figure 6 ). The size of all PCR products corresponded to the expected size of 400 bp. The number of positive samples in the only H. pylori-infected group was 87.5% (7 of 8) and in the CCl 4 þ Hp group, 100% (8 of 8) of samples were positive (data not shown).
Detection of Serum IgG Anti-H. Pylori
The level of serum anti-H. pylori total IgG in the H. pylori-infected groups is shown in Histopathological Assessment of the H. Pylori-Infected Livers As shown in Figure 7 , the H. pylori-infected livers showed extensively degenerative changes such as cytoplasmic vacuolation and increased binucleation, although the foci of hepatocytic death were rarely noted. This vacuolation showed mild lipid droplets by oil-red O staining (Figure 8 ). In addition, PAS stain showed reduction in glycogen storage in the H. pylori-infected livers (Figure 8 ). In the H. pylori-infected mice, the percentage of binucleated hepatocytes was significantly greater than in the respective control mice (Figure 7 ). To determine changes in hepatocyte proliferation and apoptosis, the expression of PCNA was assessed and the TUNEL method conducted, respectively, in the liver (Figure 7 ). Differences in PCNA levels among the groups were also statistically significant (Po0.05). PCNA-positive cells, including binucleated hepatocytes, markedly increased in the H. pylori-infected livers, in comparison with the control livers, whereas apoptosis assessed by TUNEL-positive count showed no difference between the two groups ( Figure 7 ).
Discussion
We previously reported the development of primary biliary cirrhosis in a C57BL/6 mouse infected with H. pylori over 1 year 22 and another author's experimental study on healthy C57BL/6 mice showed that H. pylori infection for 8 months led to hepatic inflammation characterized by the infiltration of lymphocytes. 12 In this study, we established a hepatic fibrosis model with repeated administration of CCl 4 . To demonstrate the role of H. pylori in the progression of hepatic fibrosis, we constructed two separate experimental designs using two different rodent models to observe a potentially different effect between pre-infection and post infection of H. pylori after exposure to CCl 4 administration. In the preliminary study with rats, we did not include the only H. pylori group as we speculated whether H. pylori influenced liver injury induced by CCl 4 . First, ATCC 43504 H. pylori strains which were not recognized as strong antigens was inoculated after the induction of liver injury to rats, from which the results suggested a possible role of H. pylori on liver fibrosis. Using the results obtained from the rat model, we experimented with the mouse model to inspect the independent role of H. pylori in the liver. To investigate whether pre-infection causes the same phenomenon, the SS1 H. pylori strain, much used as the standard mouse-adapted strain for experimental infection, was used for mice. Mice and rats were killed when known as inducing fibrotic stage by CCl 4 administration. [17] [18] [19] H. pylori infection for 4 months caused functional and morphological degenerative changes in hepatocytes, such as the depletion of glycogen particles, hydropic degeneration, binucleation and accumulation of numerous small fat droplets in our present research (Figures 7 and 8) . These histological findings regarding hepatocytes suggest that H. pylori causes a disarrangement of hepatic architecture with some showing slight focal necrosis and inflammatory changes in spite of there being no severe hepatitis present in the liver samples used in this study (Figure 7) . The hepatocyte in those degenerated liver samples is more vulnerable to external harmful stimuli. 23 Consequently, another concomitant liver disorder may provide a synergistic combination of liver injury, such as steatosis, oxidative damages that aggravate liver injury. 24 Therefore, microvesicular fatty changes in the H. pylori-infected liver could be susceptible to the oxidative stress, and then deteriorate hepatic damage on the basis of liver fibrosis induced by CCl 4 administration. In addition, an increase in binucleated hepatocytes (Figure 7) indicates pathological effects of H. pylori infection, as it suggests that under oxidative stress, the increase in binucleated hepatocytes can be caused either by a fusion of two hepatocytes with damaged cell membranes or by a regenerative process against hepatic damage. 25 Immunohistochemistry for PCNA showed that increased binucleated cells were correlated with a positive reaction in hepatocytes of the H. pylori-infected livers, suggesting that hepatocytes proliferated against liver damage (Figure 7 ).
One study suggested that H. pylori infection may be related to increasing endotoxins (LPS) found in Gram-negative bacteria in patients with cirrhosis. 26 Previous studies have described glycogen depletion in various infectious and pathological conditions, although the mechanism of depletion of liver glycogen stores in endotoxemia is still unclear. 27 Histological findings in this study suggest a possible derangement of carbohydrate metabolism in rodents infected with H. pylori. Moreover, reductions in hepatic glycogen suggested increased glucose utilization and were consistent with the expected depletion of hepatic ATP after mitochondrial impairment, assuming that there was a consequent increase in energy production from glycolysis. Damaged mitochondria due to endotoxin result in hydropic degeneration in hepatocytes. 28 Therefore, functional changes such as the depletion of hepatic glycogen could point to impending liver damage during H. pylori infection.
Remarkably, our findings indicate that H. pylori exacerbate the progression of hepatic injury from fibrosis to cirrhotic stage in the CCl 4 -treated liver. The degree of hepatocellular injury was shown by a dramatic increase in serum levels of AST, ALT and hepatic hydroxyproline content, and the substantial extension of fibrous areas was confirmed by Azan staining. Biochemical markers on liver injury were significantly increased; morphological architecture was more severely destructed; and the fibrotic area was remarkably extended in CCl 4 þ Hp rather than in only CCl 4 -administrated livers. Furthermore, the expression of fibrosis-related cytokine was significantly upregulated in the CCl 4 þ Hp livers, compared with that in the CCl 4 livers. Immunoblot analysis, which shows a significant correlation with immunohistochemical data, further confirmed this finding. TGF-b has been shown to be a key profibrogenic cytokine, as it has a prominent role in the production of extracellular matrix by activated HSC. 29 In particular, TGF-b1, which is a well-studied mediator in hepatic fibrogenesis, promotes HSC transition into the myofibroblast 29 and is involved in the formation of a-SMA fiber formation in the myofibroblast. 30 The major cellular mechanisms of CCl 4 are suggested to produce free radicals, which damage the hepatocyte by causing lipid peroxidation and binding cell structures. 31 Many studies have indicated that oxidative stress may represent a common link between chronic liver damage and hepatic fibrosis. 32 Damaged hepatocytes, their membrane components, metabolites of toxic agents and infiltrating inflammatory cells activated Kupffer cells, and then these activated Kupffer cells released several important cytokines to act on the HSCs, which transited to myofibroblast-like cells with a remarkably increased capacity for collagen synthesis. Therefore, oxidative stress has been reported to modulate collagen gene expression. 33 Furthermore, hepatic tissue damage concurrent with pathogenic infection in the liver may increase the synergistic effect of oxidative stress in the pathogenesis of hepatic injury.
SMP30 has been known as a multifunctional protein, highly expressed in hepatocytes, preventing oxidative stress and cellular apoptosis. 16, 34 Jung et al proposed that increased oxidative status by LPS-treatment, well known to increase oxidative stress, causes downregulation of the SMP30 gene expression. 40 Decrease in SMP30 expression in this study provides the possibility that LPS originating from H. pylori could reach the liver and result in oxidative stress. Ishigami et al 35 suggested that susceptibility to harmful stimuli markedly increases, when SMP30 expression in the liver decreases due to continuous oxidative stress.
This is the first in vivo study to investigate the association between the presence of H. pylori DNA in the liver and hepatic fibrosis. Our study also successfully detected Helicobacter genomic materials in the mouse liver as well as showed that most H. pylori-infected animals had specific antibodies in both experimental species (Table 2) . One study demonstrated that immunostaining for H. pylori and electron microscopy showed morphologically intact bacteria in one patient with primary sclerosing cholangitis, 36 and Wang et al 13 demonstrated the presence of H. pylori bacteria inside the HCC tissue by immunohistochemical stain for H. pylori. In addition, the study by Francavilla et al, 37 which stated that vacuolating toxin A (VacA), one of the bacterial virulence factors, was detected in hepatocytes of patients with isolated hypertransaminasemia supports the report that transaminases in humans infected by cytotoxic strains of H. pylori increase mildly. 38 In this study, we ascertained bacterial fragments by immunostaining for H. pylori in H. pylori-infected liver tissues. These data strongly support those of previous studies that H. pylori DNA and/or protein could reach the liver.
Finally, chronic H. pylori infection could have a crucial role as a co-risk factor for exacerbation of liver fibrosis under exogenous oxidative stimuli as well as being an independent troublemaker causing dysfunction in the livers of rodent animals. In addition, our findings indicate that influence of Figure 8 Histopathological changes by H. pylori infection in the mouse liver tissues stained by PAS and oil-red O staining. To observe the location of hepatic glycogen granules and the glycogen density of hepatocytes, PAS stain was used. The noninfected liver stained with PAS visualized the densely deposited glycogen as purple granules in hepatocyte cytoplasm. Scale bar, 50 mm. In the H. pylori-infected liver, glycogen storage was remarkably reduced compared with the noninfected liver. To differentiate intracellular vacuoles and lipid accumulation, a frozen section of the liver was stained with oil-red O. The noninfected liver stained with oil-red O showed several hepatocytes containing positively few lipid droplets. The H. pylori-infected liver showed increased number of small lipid droplets (red) in hepatocytes. Scale bar, 20 mm.
H. pylori on hepatopathy is not only restricted to cytotoxic strain, ATCC 43504 (VacA, s1m1) but also to the SS1 (VacA, s2m2) strain which shows no vacuolating cytotoxic activity. 39 A possible explanation for this finding may be that another pathological factor from H. pylori causing oxidative stress besides cytotoxic VacA may participate in the pathogenesis of liver fibrosis.
Nonetheless, this study has a limitation to directly relate to the pathophysiological situation in humans. In humans, H. pylori infection is usually acquired in early childhood and results in the majority of subjects having chronic persistent gastritis with the establishment of equilibrium between the host and germ. Liver damage (alcohol or virus induced) occurs decades later, when a 'balanced gastritis' is present in subjects. Therefore, we speculate that it is difficult to totally relate to human condition, as the duration of H. pylori infection that lasts for several weeks in the hepatic fibrosisinduced animal models of this study is short to link to the pathophysiological situation of the humans. Further in vitro and in vivo studies are still necessary to delineate the precise mechanisms underlying the pathogenesis of H. pylori-related liver fibrosis in humans.
